Belt conveyer transfers : quantifying and modelling mechanisms of particle flow by Hastie, David
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
2010 
Belt conveyer transfers : quantifying and modelling mechanisms of particle 
flow 
David Hastie 
University of Wollongong, dhastie@uow.edu.au 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Hastie, David, Belt conveyer transfers : quantifying and modelling mechanisms of particle flow, Doctor of 
Philosophy thesis, Faculty of Engineering, University of Wollongong, 2010. https://ro.uow.edu.au/theses/
3094 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

BELT CONVEYOR TRANSFERS: QUANTIFYING 
AND MODELLING MECHANISMS OF 
PARTICLE FLOW 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree 
 
 
 
DOCTOR OF PHILOSOPHY 
 
 
 
from 
 
 
 
UNIVERSITY OF WOLLONGONG 
 
 
 
by 
 
 
 
DAVID BRYAN HASTIE, BE (Hons), ME (Hons) 
 
 
 
SCHOOL OF MECHANICAL, MATERIALS AND 
MECHATRONIC ENGINEERING 
 
 
 
FACULTY OF ENGINEERING 
 
 
 
2010 
 
 
 
 
ii 
CERTIFICATION 
 
I, David Bryan Hastie, declare that this thesis, submitted in fulfilment of the 
requirements for the award of Doctor of Philosophy, in the School of Mechanical, 
Materials and Mechatronic Engineering, Faculty of Engineering, University of 
Wollongong, is wholly my own work unless otherwise referenced or acknowledged. 
This document has not been submitted for qualifications at any other academic 
institution. 
 
 
 
 
_______________________________ 
(Signature) 
 
David Bryan Hastie 
May 2010 
 
 
iii 
 
 
iv 
ABSTRACT 
 
The purpose of this research was to determine if either analytical methods or numerical 
discrete element modelling could be used with accuracy to design conveyor transfers. 
This goal was achieved using two test materials, polyethylene pellets and corn, which 
were selected for their different particle and bulk properties and also for a third product, 
iron ore, but to a lesser extent due to test rig limitations. 
 
The design of conveyor transfers has traditionally been based on either trial and error or 
previous experience and seen as a “black art” rather than a science, as such very few 
design guides are available. 
 
The design of conveyor transfers can be based on experimental investigations, although 
this method can be costly to companies, taking vital resources away from the key goal 
of continuous production. The analytical models have existed for some time and have 
become widely accepted design tools; however, there is limited validation of these to 
determine their overall performance (both advantages and disadvantages). The 
analytical models are two dimensional in application and their accuracy with respect to 
the three dimensional nature of transfer chutes is not clear. This is an area which needs 
further investigation. 
 
The design of transfer chutes has undergone an evolution since the advent of discrete 
element modelling (DEM) as well as increases in computer processing power. The 
potential to simulate and predict the behaviour of a transfer chute design before it is 
constructed can be highly desirable with the prospect of saving substantial time and 
money. This being said, there has been little validation published on the application of 
DEM in industrial applications, although in recent years this has started to increase with 
the realisation that companies need to be convinced this is a legitimate design tool. 
Additional DEM validation is warranted with respect to conveyor transfers. 
 
An experimental test program was undertaken following the design and commissioning 
of a novel conveyor transfer research facility. This experimental work focussed on two 
main areas; investigation of particle flow of material through a conveyor transfer hood 
and spoon and the generation of conveyor trajectories. From these areas, ‘real’ data was 
obtained for a range of granular free-flowing products, using a combination of high-
speed video capture and still photography, for the purposes of validation. The effect of 
belt speed, material feed rate and the positioning of the transfer hood and spoon were 
considered in these investigations. 
 
Additional to this experimental work was the testing and collection of a wide range of 
particle and system characteristics for use in the analytical modelling and discrete 
element modelling components of this research. 
 
Two analytical models were then used to predict the particle flow of the test materials 
through the conveyor transfer hood and spoon. Belt speed, material feed rate and 
positioning of the transfer hood and spoon were all considered as part of this analysis to 
provide direct comparisons with the data obtained from the experimental testing.  
 
Prediction of the conveyor trajectories was performed using seven trajectory models 
available in the literature. These comparisons investigated the effect of belt speed and 
 
v 
mass flow rate on the trajectory profiles, again providing a direct link with the 
experimental data. 
 
The discrete element method was used to generate three dimensional simulations of the 
material flow through the conveyor transfer hood and spoon and also conveyor 
trajectories, based on 3D CAD models of the conveyor transfer research facility. These 
simulation outputs were then compared to both the experimental data and data obtained 
from the analytical models. Two software packages were used, Chute MavenTM and 
EDEM. Chute MavenTM was used to produce the initial transfer chute and trajectory 
simulations using spherical particles. High material feed rates corresponding to those 
tested experimentally could not be simulated and so EDEM was employed to develop 
further simulations. The fact that EDEM has the ability to model both spherical and 
shaped (clustered) particles was utilised to investigate the effect of shape on simulation 
output. 
 
A critical aspect of any discrete element modelling is whether the outputs are realistic. 
To minimise any potential issues, a wide range of bench-scale calibration experiments 
and simulations were also completed to validate both DEM packages used. 
 
It can be concluded that the analytical models for conveyor transfers provided close 
approximations from a two dimensional perspective, however, there were some slight 
over-predictions evident in some situations. For conveyor trajectories, the models 
presented a substantial variation in prediction, however, one method stood out as being 
accurate under all conditions for the materials tested experimentally. 
 
Findings from the discrete element modelling showed the dynamic behaviour mimics 
that of the experimental testing and there was a general agreement with both the 
experimental investigations and analytical models for the conveyor transfer 
comparisons. With respect to conveyor trajectories, the DEM results agreed with the 
results seen experimentally and also predicted the same trajectory path as the one “stand 
out” analytical trajectory method mentioned above. 
 
The importance of DEM calibration and validation has also been documented and 
shown to be an absolute necessity in the successful simulation of industrial applications. 
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a acceleration or deceleration of material on a straight chute m/s2 
a1 height to material centroid m 
Ar Archimedes number - 
A1 initial cross-sectional area of material m2 
A2 exit cross-sectional area of material m2 
Aa cross-sectional area of material outgoing from impact plate m2 
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AP projected area of particle m2 
b belt thickness m 
bd width of the discharged material stream m 
bw width of material at discharge point m 
B width of chute m 
B0 initial width of chute m 
c cohesion kN/m2 
C constant of integration - 
C1 chute constant - 
CD drag coefficient - 
d* dimensionless particle diameter - 
dc diameter of a circle m 
dk equivalent spherical grain diameter m 
dm elementary mass of material stream kg 
Dsv equivalent volume diameter of a particle m  
E elastic (Young’s) modulus Pa 
F frictional force N 
FA adhesive force N 
FD drag force N 
Flateral lateral force due to angled impact plate N 
FN normal force N 
FS shear force N 
Fx horizontal component of force acting on impact plate N 
Fy vertical component of force acting on impact plate N 
g gravitational acceleration m/s2 
G shear modulus Pa 
h material depth m 
h1 initial height of material m 
h2 exit height of material m 
hd material depth at discharge m 
hp material stream depth at the moment of impact with impact plate m 
H height of material in chute m 
H0 height of material in chute at a particular location m 
K constant of integration - 
Kv pressure ratio - 
Lt length of conveyor transition m 
m  mass flow rate kg/s 
N normal force N 
P1 initial material pressure Pa 
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P2 final material pressure Pa 
Q mass flow rate tph 
rp particle radius m 
R constant radius of curvature of chute m 
Rb radius to outer belt surface m 
Rc radius of material centroid/centre m 
Rd radius of discharge m 
Re∞ Reynolds Number - 
Rh radius to outer depth of material surface m 
Rp head pulley radius m 
Rt radius of curvature of the trajectory m 
s distance from head pulley axis to impact plate m  
s distance around chute (equation 2.47) m 
s0 distance from head pulley axis to centre of material element m 
t increment time for trajectory path s 
Tk kinetic frictional resistance on the belt surface N 
TR Rayleigh time step s 
Ts static frictional resistance on the belt surface N 
U* dimensionless terminal velocity - 
v velocity of mass element m/s 
v  acceleration of mass element m/s2 
v(x) resultant velocity of inclined freefall m/s 
v∞ terminal velocity m/s 
va material outgoing velocity from impact plate m/s 
vb belt velocity m/s 
vd discharge velocity m/s 
vip velocity of material inflow to impact plate m/s 
v0 discharge velocity of upper boundary, = V2 m/s 
v0l discharge velocity of lower boundary, = V1 m/s 
v0y initial velocity in the y direction m/s 
vpη vertical component of vip m/s 
V∞ terminal velocity m/s 
V∞ψ terminal velocity adjusted for shape m/s 
V1 discharge velocity of lower boundary m/s 
V2 discharge velocity of upper boundary m/s 
Vb belt velocity m/s 
Vcr critical velocity m/s 
Vd velocity of material at discharge point m/s 
Vfinal vertical component of material velocity discharging from feeder  m/s 
Vinitial velocity at drop height h at point of impact with chute m/s 
Vp1 initial material velocity m/s 
Vp2 exit material velocity m/s 
VP particle volume m3 
Vs tangential velocity of material at discharge point m/s 
wb belt width m 
X distance travelled along tangent line of belt and pulley mm 
x horizontal distance at which y(x), ξ(x) and v(x) are calculated m 
x0 initial x co-ordinate for start of upper trajectory m 
x1 x co-ordinates of trajectory for lower boundary m 
x2 x co-ordinates of trajectory for upper boundary m 
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y(x) y component of trajectory of particle freefall  m 
y y co-ordinate of conveyor trajectory m 
y0 initial y co-ordinate for start of upper trajectory m 
y1 y co-ordinates of trajectory for lower boundary m 
y2 y co-ordinates of trajectory for upper boundary m 
Y distance material falls below line of discharge mm 
z error approximation -  
z depth of conveyor transition m 
 
GREEK 
α initial material discharge angle measured from the vertical ° 
αb conveyor belt inclination angle ° 
αc angle of chute at tangent point ° 
αd material discharge angle measured from the vertical ° 
αd1 material discharge angle measured from the vertical for lower 
 trajectory ° 
αd2 material discharge angle measured from the vertical for upper 
 trajectory ° 
αi angle of exiting flow to the vertical ° 
αip angle of material inflow to impact plate ° 
αr angle at which particle slip begins to occur ° 
β angle of impact chute ° 
γ specific gravity - 
ΔA contact area m2 
Δm mass of element kg 
Δr change in radius m 
ε1 divergent coefficient  - 
ε2 divergent coefficient  - 
εb divergence or dispersion coefficient of bulk stream width - 
ε transition angle, measured from the horizontal ° 
η coefficient of restitution -  
ηf air viscosity Ns/m2  
ϕ angular coordinate of the mass element at flow-round zone of 
 impact plate ° 
θ  angle to vertical when normal force becomes zero, discharge 
  angle ° 
θ0 angle at which material leaves belt ° 
λ angle of varying width chute ° 
μ coefficient of friction - 
μe coefficient of equivalent friction - 
μf absolute viscosity of air Ns/m2 
μi coefficient of internal friction - 
μk coefficient of kinetic friction - 
μp coefficient of external friction on impact plate - 
μs coefficient of static friction - 
ν Poisson’s Ratio - 
ξ(x) trajectory direction angle ° 
ρb loose-poured bulk density of material kg/m3 
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ρf air density kg/m3 
ρs particle density kg/m3 
σa adhesive stress kPa 
φ kinematic angle of sliding friction ° 
ψ wrap angle around discharge pulley ° 
ψ sphericity - 
ψA particle shape coefficient - 
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CHAPTER 2 – Section 2.9 to Section 2.15 
 
CN normal damping coefficient - 
CT tangential damping coefficient - 
E* equivalent Young’s modulus GPa 
FC cohesion force N 
FN normal contact force N 
FT tangential contact force N 
FT* magnitude of tangential force at start of current slip plane N 
G shear modulus GPa 
G* shear modulus GPa 
K0 initial tangential stiffness N/m 
K1 spring constant for loading N/m 
K2 spring constant for unloading N/m 
KC cohesion constant N/m 
KN stiffness of the spring in the normal direction N/m 
KT tangential stiffness coefficient N/m 
mi mass of particle i kg 
mj mass of particle j kg 
mij mass of particles i and j kg 
R radius of particle m 
R
≈
 radius for Hertz-Mindlin model m 
 
GREEK 
α relative approach (overlap) after initial contact m 
α0 the value of α where the unloading curve goes to zero m 
αr empirical constant related to the coefficient of restitution - 
β fixed parameter - 
γ coefficient of critical damping - 
δC cohesion displacement m 
δN displacement of particles in the normal direction m 
δR constant based on Poisson’s ratio and coefficient of friction - 
δT displacement of particle in the tangential direction m 
δTmax maximum displacement in the tangential direction m 
ε coefficient of restitution - 
μ coefficient of friction - 
μr coefficient of rolling friction - 
ν Poisson’s Ratio - 
υN normal component of relative velocity between particles m/s 
υslip slip velocity m/s 
υT tangential component of relative velocity between particles m/s 
 
SUBSCRIPTS 
i particle i 
j particle j 

